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A Process for Preparing Cardiodilatin Fracfments; Highly Pu- 
rified cardiodilatin Fragments and Intermediate Products 
for the Preparation of Same 

The invention relates to a process for the prepara- 
tion of cardiodilatin fragments, to highly purified cardio- 
dilatin fragments, and to appropriate intermediates for the 
preparation of said fragments . 

The present invention is directed to a process for 
the preparation of cardiodilatin fragments of formula I 

R^-ANP ( 105-121) -r2 fl) r 



having a chain length of 17 - 37 amino acids in to- 
tal, wherein ANP{105-121) represents the amino acid se- 
quence [SEQ ID NO. 1], 

r1 represents an amino acid chain of sequence ANP(90- 

104) [SEQ ID NO. 2] or fragments thereof having a chain 

length of 0 - 15 amino acids, and 
r2 represents an amino acid chain of sequence ANP(I22- 

126) [SEQ ID NO, 3) or fragments thereof having a chain 

length of 0 - 5 ammo acids, 

wherein synthesis is effected via condensation of 
at least three partial fragments, and condensation of the 
partial fragments to give the cardiodilatin fragments of 
formula I is carried out between the amino acid positions 
GlyiOS ^j^^ Arg^^^ and the amino acid positions Gly^^^ and 
Cysi21, 

Cardiodilatin is a peptide of the class of natriu- 
retic peptides. These peptides play an important role in 
regulating the balance of salts and water in the body. The 
prototype of natriuretic hormones is cardiodilatin, also 
referred to in literature as atrial natriuretic peptide 
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(CDD/ANP} . The isolation of cardiodilatin and the prepara- 
tion of biologically active fragments of cardiodilatin are 
known from US-PS 4, 751,284 (cf., W,G. Forssmann et al., 
Klin. Wochenschr. 1986, 64 (Suppi. VI), 4-12). A review on 
isolation and characterization of cardiodilatin and frag- 
ments thereof, as well as their physiological properties 
has been published in Eur. J, Clin. Invest. 1986, 16; 439- 
451 (W.G. Forssmann). From EP 0,349,545, a specific cardio- 
dilatin fragment having a chain length of 32 amino acids is 
known. Meanwhile, this fragment is also referred to in lit- 
erature as urodilatin (INN: ularitide) . Furthermore, US 
5,354,900 (Suntory) describes a biologically active frag- 
ment having a chain length of 28 amino acids, known as 
a-hAHP. Further biologically active cardiodilatin fragments 
or derivatives thereof have been described in EP 0,180,615. 
Therein, in particular, cardiodilatin fragments are de- 
scribed which begin with the amino acid position Arg^^^ at 
the N-terminus and end with the amino acid position Arg^^^ 
or Arg-^2^ at the C-terminus. Instead of the designation 
cardiodilatin, the literature frequently uses the designa- 
tion "atrial natriuretic peptide" (ANP) . In the numbering 
of the sequences of the cardiodilatin amino acids used in 
the following, reference is made to the nomenclature used 
for the ANF/CDD (1-126) peptide {-ANP) in EP 0,349,545. 

A coinmon structural feature of all hitherto known 
biologically active cardiodilatin fragments is the forma- 
tion of a disulfide bridge between the amino acids Cys-^^^ 
and Cys-^2^, resulting in a stable ring of 17 amino acids. 
It is believed that the formation of this ring is substan- 
tially responsible for the biological activity of the car- 
diodilatin derivatives. At position Cys^^^, the cardiodi- 
latin fragments are substituted by an amino acid chain R-'- 
having a chain length of 0 - 15 amino acids, and at posi- 
tion Cys^^^ by a chain having a chain length of 0 - 5 
amino acids. ,In the {SEQ ID NO. 1], the central region 
ANP(105-121) is presented in linearized form. 
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R^-Cys Phe Gly Gly Arg^et 

Asp Arg lie Gly Ala Gin Ser Gly Leu Giy Cys-R^ , 
115 120 



The cardiodiiatin fragment ANP (95-126), with the 
INN designation ularitide, is a particularly stable' and 
biologically active human peptide, having diuretic activity 
and a relaxing effect on the smooth vascular muscles, which 
is formed of 32 amino acids and has the following sequence, 
wherein both the cysteine amino acids at positions 11 and 
27 in the peptide are forming a disulfide bridge: 

4S \oS 

H-Tlir-Ala-Pro-Arg-Ser-Uu-Arg-Arg-Scr-Ser-Cys-Phe-Giy-Gly-Arg~Mei-Asp-Arg- 
Ile-Gly-Aia-Gln-Ser-Gly-Leu-Gly-Cys-Asn-Ser-Phe-Arg-Tyr-OH^ 

Urodilatin is found in human urine* EP 0,349,545 
describes a process for recovering urodilatin from urine 
using alginic acid, wherein the peptides adsorbed to ai- 
ginic acid are eluted, the eluate is fractionated according 
to conventional purification methods, and the active frac- 
tion is recovered using a test based on the examination of 
the relaxing effect of urodilatin on the smooth muscles. 

Furthermore, EP 0,349,545 describes a stepwise 
chemical synthesis of urodilatin using the Merrifieid proc- 
ess (J, Am. Chem. Soc. 1963, 85; 2149-2156), at a solid 
phase according to the ABI standard program following the 
Boc strategy. In addition, this patent specification de- 
scribes the preparation of urodilatin from the partial 
fragment ANP{99-126), This fragment is bound to a solid 
phase, and is reacted with a second partial fragment, the 
tetrapeptide Boc-Thr (But I -Ala-Pro-Arg (Tos) . The peptide 
ANP (95-126) obtained from the condensation is removed from 
the support, subjected to cyclization after removal of the 
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protecting groups and subsequently, is processed and puri- 
fied in a per se known manner. 

Similarly, EP 0,180,615 describes the chemical syn- 
thesis using a solid support, wherein formation of the car- 
diodilatin fragments described therein is effected succes- 
sively, starting from the C-terminus in direction of the 
N-terminus, Here, condensation via partial fragments is not 
described. 

However, the cardiodilat in fragments prepared ac- 
cording to the procedures described in literature did not 
have the purity necessary for clinical studies and for the 
authorization as medicinal product because, due to the syn- 
thesis, peptide impurities had been introduced into the fi- 
nal product which could not be removed even by subsequent 
purification processes. Due to their immunogenic proper- 
ties, the impurities may give rise to undesirable side-ef- 
fects when administered to the patient, so that therapeutic 
application involved risk. Moreover, the synthesis could be 
accomplished at only a small scale under reasonable techni- 
cal input and was not economically suitable for a larger 
production scale. Furthermore, another drawback of known 
processes for synthesis was the existing potential risk of 
racemization due to which the urodilatin was obtained with 
lower purity, lower biological activity and in insufficient 
yield. Racemization of the product which frequently occurs 
with existing syntheses often resulted in insufficient op- 
tical purity of the final product, and these impurities 
frequently cannot be removed or only with exceedingly high 
technical input. 

Thus, it is an object of the invention to develop 
an improved process for the chemical synthesis of cardiodi- 
latin fragments which does not involve the above-mentioned 
drawbacks , 



The object of the invention is attained by perforru- 
ing the synthesis of cardiodilatin firagments on the basis 
of the Merrifieid process using a specific selection of 
peptide fragments , 



Surprisingly, the course of synthesis has been 
found to be optimal when the cardiodilatin fragments are 
formed using three partial fragments, with the condensation 
of the partial fragments to give the cardiodilatin fragment 
of formula I being performed in such fashion that the for- 
mation is effected via condensation of partial fragments 
and bond formation between the amino acid positions Giy^^^ 
and Argi^^ and the amino acid positions Gly^^^ and Cys^^^. 
This process is advantageous in that the cardiodilatin 
fragments of formula I can be obtained in higher yields and 
in higher purity as compared to the synthetic processes 
known from prior art* 

The synthesis of the cardiodilatin fragments of 
formula I is effected in such way that initially, the three 
partial fragments having the sequences R^-ANP (105-108) , 
ANP(109-120) and ANP(121)-r2 ^^^^ prepared according to the 
Merrifieid process. Then, preferably, condensation of the 
three partial fragments to give the cardiodilatin fragment 
of formula I is effected in two partial steps, whereby in a 
first step, condensation between the amino acid positions 
Giyi20 Cys^^l of the partial fragments ANP (109-120) and 

Qy5l21„j^2 effected, with the intermediate fragment 

ANP (109-121) -r2 being formed. Then, in a subsequent second 
step, condensation of the thus obtained fragment ANP (109- 
121) with the third partial fragment R^-ANP ( 105-108) is 
effected, forming the desired cardiodilatin fragment of 
formula I. Using the process according to the invention, 
the yield of cardiodilatin fragments is between 15 and 20%, 
based on the amount of each cardiodilatin partial fragment 
used as starting material* 
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The three partial fragments having the sequences 
R^-ANP (105-108) , ANP(109-120) and ANP(121)-r2 prepared 
according to the Merri field process^ wherein the amino ac- 
ids with functional groups (hydroxy, carboxy, amino, or 
mercapto groups) present in the sequence are substituted by 
appropriate protecting groups. For example, as suitable 
protecting groups the following groups are possible: 

protecting groups for hydroxy groups: . Boc 
(t-butyloxycarbonyl) , tBu (t-butyl ether); 

protecting groups for amino functions: Fmoc 
(9-f luorenylmethoxycarbonyl) , Pbf (2,2^4,6, 7-pentamethyldi- 
hydrobenzofuran-S-sulfonyl) / Pmc (2, 2, 5, 7, 8-pentamethyl- 
chroman-6-sulf onyl) , Trt (trityl) ; 

protecting groups for carboxy groups: OtBu (t-butyl 

ester) ; 

protecting groups for mercapto groups: Acm 
(acetamidomethyl) or Trt, 

Here, the following protecting groups are preferred 
for the following amino acids: tBu for the amino acids Thr, 
Asn, Tyr or Ser; Pbf or Pmc for the amino acid Arg; Acm for 
the ammo a^cid Cys; OtBu for the amino acid Asp; Trt for 
the amino acids Gin, Asn or Cys. 

Using the Fmoc strategy (B. Riniker et al.. Tetra- 
hedron 1993, 49; 9307-9320), the protected partial frag- 
ments ANP{109-120) , r1-ANP(105-108) and ANP(121)-R^ are 
formed on a solid support material* All the materials gen- 
erally used in the Merrifield synthesis may serve as solid 
support materials. Preferred as support material is poly- 
styrene functionalized as aminomethyl or benzhydrylamino 
compound. The superacid-sensitive bonding of the peptide 
fragments to the resin by means of the 4- (4-hydroxymethyl- 
3-methoxyphenoxy) butyric acid linJcer allows their removal 
without impeding the side-chain protection. The fragments 
are purified by digestion with various solvents. Thus, the 
three starting fragments ANP ( 109-120 ) , R^-ANP { 105- 1 08 ) and 
ANP(121>-r2 are obtained with a C-terminal free carboxyl 
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group and in good purity. When forming the peptides on the 
support resin, the yield in every single step of addition 
of one amino acid is nearly quantitative and is about 97- 
99% 

The flow diagram in Figure 1 illustrates the prin- 
ciple of synthesis, with urodilatin ANP (95-126) as an exam- 
ple. Here, condensation of the fragment Boc-l-14-OH. (1) 
[this nomenclature corresponds to the general designation 
of fragment r1-ANP ( 105-108) , wherein = ANP{95-104)] with 
the fragment H-15-32-OtBu (5) [corresponding to an ANP no- 
menclature of ANP (109-121) -r2, wherein - ANP{122-126) ) 
is effected. This fragment (5) is synthesized from the 
fragments Fmoc-15-26-0H (2) [corresponding to an ANP nomen- 
clature of ANP{109-120) ] and H-27-32-OtBu (3c) 
[corresponding to an ANP nomenclature of ANP(121)-r2]. 
Figure 2 represents the fragments synthesized and modified 
with protecting groups. 

In the next step, the carboxyl group of fragment 
(3a) is converted to the t-butyl ester (3b) (cf., Riniker 
et al., 22nd Europ. Peptide Symposium Interlaken, September 
1992 (L7) ) . Subsequent removal of the Fmoc group from frag- 
ment {3b> leads to the product (3c) . This is fused with 
fragment (2), resulting in fragment (4). Removal of the 
Fmoc protecting group and condensation of the obtained 
fragment (5) with fragment (1) leads to the fully protected 
urodilatin (6). Removal of the protecting groups by treat- 
ment with trifluoroacetic acid and 1, 3-propanedithiol as a 
scavenger provides the linear peptide (7) which is cyclized 
to crude urodilatin (8) by oxidation with iodine solution. 
This is desalted, purified and may be lyophilized subse- 
quently. The synthesis of other cardiodilatin fragments is 
conducted in an analogous fashion. 

The synthesis according to the invention, involving 
the described partial fragments ANP ( 109- 120) , r1-ANP(105- 
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108) and ANP(121)-r2 may be applied to all the cardiodi- 
latin fragments of formula I. In particular, cardiodiiatin 
fragments are possible, wherein has a chain length of 
0-15 amino acids of the sequence ANP (90-104) or fragments 
thereof. Preferred for are chain lengths of 1-15 or 3-10 
amino acids, particularly the sequences ANP{95-104), 
ANP(99-104) and ANP ( 102-104) , In particular, the group 
represents a chain length of 1-5 amino acids of the . se- 
quence AN? (122-126) or fragments thereof. Preferably, how- 
ever, the sequences ANP (122-126) and ANP (122-125) are pos- 
sible for R^ . 

Preferably, the cardiodiiatin fragments ANP (95- 
126), ANP (99-126) and ANP (102-126) may be prepared accord- 
ing to the process of the invention. The cardiodiiatin 
fragments prepared by means of the process of the inven- 
tion, as well as the partial fragments required for conden- 
sation have high optical purity in the range of about 96- 
99, 9H, particularly about 98-99?,. 

Similarly, the synthesis is suitable for all the 
other derivatives of cardiodiiatin fragments wherein one or 
more amino acids in the sequence of human ANP are replaced 
by other amino acids. In this meaning, replacement of amino 
acids includes corresponding substitutions, deletions or 
insertions of amino acids. For example, single or multiple 
amino acids may be replaced by the corresponding D-aiuino 
acids {cf., EP 0,180^615). Likewise, peptides of similar 
structure and with a corresponding cyclic basic structure 
of 15-20 amino acids may be prepared in this way- Examples 
of such peptides are BNP (brain natriuretic peptide) or CNP 
{C-type natriuretic peptide) . The structures of these pep- 
tides are described in J. Hypertension 1994, 12; 329-336 
(N.C. Davidson and A.D. Struthers) . 

Likewise/ the present invention is directed to 
novel partial fragments of ANP which are utilized for the 
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preparation of cardiodilatin fragments of formula I accord- 
ing to the process of the invention. 

More specifically, corresponding peptide fragments 
are those of the type R^-ANP { 105-108) , wherein repre- 
sents an amino acid chain of sequence ANP (90-104) or frag- 
ments thereof having a chain length of 0-15 amino acids, as 
well as their derivatives modified by protecting groups. 
Here, in particular, has the above-mentioned meanings. 

Another novel peptide fragment is the fragment having the 
amino acid sequence ANP(109-120), as well as its deriva- 
tives modified by protecting groups, which is employed as a 
starting material in the condensation with the partial 
fragment ANP(121)-r2. Likewise, the corresponding 
ANP (121) -R^ type peptide fragments represent a novelty and 
a subject matter of the invention, wherein R^ represents an 
amino acid chain of sequence ANP (122-126) or fragments 
thereof having a chain length of 0-5 amino acids, as well 
as their derivatives modified by protecting groups. In par- 
ticular, r2 has the previously mentioned meaning. In addi- 
tion, the invention is directed to the intermediate 
ANP (109-121) -R^ which is formed from the condensation reac- 
tion of the partial fragments ANP (109-120) and ANP (121) -R^ 
effected in the first reaction step. 

Furthermore, the present invention relates to a 
process for preparing high-purity cardiodilatin fragments 
of formula I, Conventional synthetic processes and subse- 
quent purification procedures on cardiodilatin fragments 
suffered from the drawback that in many cases a peptide pu- 
rity in a range of merely 97-98% could be achieved. 

EP 0,349, 545 describes a purity level of about 98?> 
in the case of urodilatin; therein, the amount of urodiiat- 
in prepared was merely on a smaller laboratory scale in the 
range of a few milligrams. The purification procedure de- 
scribed in Example 5 therein is based on a chromatography 
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on a LH column (eiuantr'l^. AcOH, 1^, TFEtOH) and subsequent 
chromatography on a TSK column (Fractogel TSK-HW ^0), 
wherein an aqueous solution of 10'^ AcOH and 1¥) TFEtOH was 
used as the eluant. In a final purification step, purifica- 
tion using preparative HPLC is effected, without any fur- 
ther indications on the eluant being made* Within the scope 
of later experiments on the preparation of larger amounts 
of urodilatin in the range of a few grams for performing 
clinical tests, it was determined, however, that in spite 
of multiple purification steps, the synthesized material 
could not be purified beyond a purity level of more than 
98%. 

A comparable situation resulted in the case of car- 
diodilatin fragments described in EP 0,180,615. Therein, 
for example, the purification for fragment ANP(102-126} - 
in Example III. A. 3 referred to as hANVP (127-151) - by chro- 
matography on a type G25F Sephadex column is described, 
where 0.5 M AcOH was used as the eluant. In a subsequent 
purification step by means of ion exchange chromatography 
on CM Sepharose or CM Cellulose using a solvent gradient of 
0.01 M NH4OAC/3OO mM NH4OAC at pH 4,5, the peptide is ob- 
tained .in a purity of about 97%. Likewise, this purity 
achieved is not satisfactory for the requirements in drug 
manufacturing . 

Surprisingly, it has been found that high-purity 
cardiodiiatin fragments of formula I can be prepared if the 
crude product is purified using a reversed-phase HPLC col- 
umn, and the cardiodilatin fragment is eluted using a 
buffer system containing triethylammonium phosphate (TEAP) 
and acetonitrile in aqueous solution. Here, preferably, the 
pH value of the elution buffer is adjusted to a value of 
2-5, more specifically, of 2-3. Preferably, a type C^g col- 
umn, for example, Biotage module type filled with YMC C^g 
is used as the reversed-phase HPLC column. This column is 
equilibrated with triethylammonium phosphate buffer prior 



to loading the cardiodilatin fragments to be purified. For 
example, a solution of 10-200 mM TEAP, preferably 50 mM 
TEAP, is employed as a suitable buffer solution. The amount 
of buffer for column equilibration depends on the column 
size and this, in turn, on the amount of peptide to be pu- 
rified. According to experience, a column volume of 
75 X 300 im (diameter x length) is required to purify an 
amount of peptide of 3-8 g of crude peptide. In this case, 
about 300 ml of a 50 mM TEA? buffer solution is required 
for equilibration. Subsequently, a solution of the concen- 
trated crude product of cardiodilatin fragment is applied. 
As a solvent, for example, 10% acetic acid is suitable. 
Thereafter, the peptide is eiuted in a continuous gradient 
by continuous charging of eluant (mixture of an aqueous so- 
lution of 10-200 mM TEA? and acetonitrile at a volume ratio 
of 2:3; pH 2-5), Eiution of peptide is particularly advan- 
tageous if a continuous gradient of eluant is applied, 
where 22-28% of solvent gradient is used for a period of 90 
minutes, followed by 28% of solvent gradient for 10 minutes 
and, eventually, 28-40% of gradient for 20 minutes. Prefer- 
ably, the flow rate is 100-200 ml/min, more specifically, 
about 140 ml/min. In the meaning of the purification proc- 
ess according to the invention, a buffer mixture of tri- 
ethylaramonium phosphate in water and acetonitrile at a mix- 
ing ratio of from 1:3 to 2:1 (v/v) , more specifically of 
about 2:3 (v/v) is used as eiution buffer. The pH value of 
the buffer solution is 2-5, preferably 2-3, and more spe- 
cifically about 2.25, TEAP may be used at a concentration 
of 10-200 mM, preferably 20-100 mM, and more specifically, 
of about 50 mM, According to the invention, optimum separa- 
tion is achieved in the reversed-phase HPLC by equilibrat- 
ing the column using 50 mM TEAP, pH 2.25, and eluting the 
peptide with a buffer consisting of 50 mM TEAP, pH 2.25, 
and acetonitrile at a ratio of 2:3. 



Conventional purification procedures using aqueous 
0.1 A trifluoroacetic acid (TEA), for example, are not capa- 
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ble of further separating the polar impurities contained in 
the crude products,- as are revealed in Fig» 5 in the exam- 
ple of urodiiatin (Fig. 6) . In contrast, in the case of the 
eluants used according to the invention, there is signifi- 
cant separation of both impurities (see Fig. 5) . Further- 
more, use of the eluant according to the invention is ad- 
vantageous in that the base line in the HPLC chromatogram 
takes an absolutely steady course, while in the case of 
TFA, a strong drift can be observed. In addition, use of 
TFA suffers from the drawback that a higher back pressure 
builds up on the HPLC column, which is not the case for the 
eluant according to the invention. 

Using the process according to the invention, high- 
purity cardiodilatin fragments of formula I are obtained in 
a purity of at least 99% and preferably, of up to 99. 9% • 
Optionally, the cardiodilatin fragments may subsequently be 
converted to their physiologically acceptable salts, such 
as the acetate or citrate salts. The cardiodilatin frag- 
ments obtained are substantially free of peptide impurities 
so that not only the reversed-phase HPLC exhibits a single 
peak but also the much more sensitive method of capillary 
electrophoresis (CE) provides a single migration peak. In 
the case of urodiiatin, the latter shows a mass- of 
3505.9 ± 1 in the MS analysis, without byproducts being de- 
tected. It turned out that the use of capillary electropho- 
resis allows an excellent demonstration of the differences 
between cardiodilatin fragments obtained according to prior 
art and the cardiodilatin fragments according to the inven- 
tion. Figure 3 illustrates the CE chromatogram of a urodi- 
iatin production batch produced according to prior art. 
Herein, it can be clearly seen that the product still con- 
tains impurities. In contrast, Figure 4 represents the CE 
chromatogram of a urodiiatin production batch produced ac- 
cording to the process of the invention and purified corre- 
spondingly. It is clearly obvious that the product is sub- 



stantially free of other- peptide impurities and exhibits a 
single migration peak in the capillary electrophoresis. 

Therefore, the invention is directed to high-purity 
cardiodilatin fragments of formula I which are remarkable 
in that they do not contain substantial peptide impurities 
detectable by capillary electrophoresis and MS analysis, 
and that the purity analysis using capillary electrophore- 
sis exhibits a single migration peak. 

Similarly, the purification procedure according to 
the invention is also suitable for the preparation of 
analogous high-purity peptide compounds such as, e.g., BNP 
(brain natriuretic peptide) , CNP (C-type natriuretic pep- 
tide) or derivatives thereof. The cyclic structure of ANP 
is based on the oxidation of two cysteine residues within 
the amino acid sequence, forming a cyclic ring of 17 amino 
acids. Other peptides which also form the characteristic 
cyclic structure of 15-20 amino acids, particularly 17 
amino acids, such as, e.g., BNP or CNP, may be converted to 
the high-purity forms in the same fashion using the purifi- 
cation procedure according to the invention. 

In the following embodiments, the invention will be 
illustrated using the selected representative cardiodilatin 
fragments ANP{95-126), ANP (99-126) and ANP ( 102-126) . 

Example 1 

General Procedures of Solid-Phase Synthesis According to 
the Merrifield Process 

a) Solid-Phase synthesis on a support resin 

Starting from .the C-terminus of the peptide to be 
synthesized, the first amino acid (AA) protected by the 
Fmoc group at the N-terminal end, is bound to the support 
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resin (Fmoc-AA-omPB-support resin) . With a standard batch 
of 6.66 mmoles^ the Fmoc protecting group is subsequently 
removed by adding 100 ml of a solvent mixture of piperidine 
and N-methylpyrrolidine (1:4 v/v) . Then, the resin suspen- 
sion is stirred for 10 minutesy. subsequently filtrated, and 
again, 100 ml of the piperidine and NMP solvent mixture is 
added. Then, the suspension is stirred for 10 rainutes, fil- 
trated and subsequently washed with NMP an isopropanol, . and 
completeness of the reaction is checked using the Kaiser 
test. 

Thereafter, the next amino acid is coupled to the 
resin. Initially, 20 mmoles of a 0.5 M solution of diiso- 
propylethanylamine (DIPEA) in NMP is added to the resin, 
then 2.5 mmoles of a 0*5 M solution of 
l-hydroxybenzotriazole (OHBT) in NMP^ followed by 10 mmoles 
of the amino acid to be coupled in 25 ml of iSfMP. 
Thereafter, 11 mmoles of a 0.25 M solution of TBTU {2-{lH- 
benzotriazol-l-yl) -1,1,3, 3-tetramethyluronium tetraf luoro- 
borate) in NMP is added and stirred for 10 minutes. 
Completeness of the reaction is checked using the Kaiser 
test. Subsequently, the resin is filtrated and washed with 
NMP, 

This process is continued in the same way, until 
the peptide chain of desired chain length of amino acids is 
built up on the resin. When synthesis is complete, the 
resin is dried to constant weight at 40*'C. 

b) Removal of the protected peptides from the support 
resin 

Each of 10 suction flasks is charged with 75 ml of 
methanol and 3 ml of pyridine. 50 g of the support resin 
prepared according to step a) is stirred 10 times with 
250 ml of lo TFA in dry methylene chloride for one minute 
on the suction funnel, and is filtrated directly into the 
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respective suction flask. These 10 filtrates are checked 
using thin layer chromatography > Fractions containing prod- 
uct are combined and evaporated to dryness. The residue is 
triturated with deionized water, and the crystalline resi- 
due is filtrated off and dried. 

Example 2 

Preparation of Fragment ANP (109-120) 

Following the general procedures of Example 1, and 
starting from 273 g of Fraoc-Giy-OHMPB-support resin 
(corresponding to 130 mmoles), 170.3 g of the fully pro- 
tected cardiodilatin fragment AN? (109-120) is obtained. 

Example 3 

Preparation of Fragment ANP( 121-126) 

Following the general procedures of Example 1, and 
starting from 264 g of Fmoc-Tyr-OHMPB-support resin 
(corresponding to 115 mmoies) ^ 150.7 g of the fully pro- 
tected cardiodilatin fragment ANP (121-126) is obtained. 
Here, the N-terminal end of the fragment is protected by 
the Fmoc group* 

Subsequently, the terminal hydroxy group at the 
C-terminal end of the fragment is converted to the OtBu 
protecting group. For esterif ication, 149 g of the fully 
protected fragment is dissolved in 500 ml of trif luoroetha- 
nol and 4*1 1 of chloroform. This is followed by addition 
of 141 ml of TBTA ( t-butyl-2 , 2 , 2- trichioroacetimidate) , and 
the solution is heated at reflux for one hour. After the 
reaction is completed, the solution is concentrated to give 
a crystalline-oily residue, 6.8 1 of diisopropyl ether is 
added, and the suspension is stirred at room temperature 
for 14 hours. The product is filtrated off and dried to 
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constant weight. 136.7 g of fragment 3b indicated in Fig, 2 
is obtained. 

Subsequently, the Fmoc protecting group at the 
N-terminai end of the fragment is removed/ and conversion 
to fragment 3c indicated in Fig, 2 is effected. To this 
end, a solution of fragment 3b (135.7 g) in 1.8 1 of DHF 
and 74 ml of diethylamine is stirred at room temperature 
for 3 hours. The solution is evaporated to complete dryness 
in a vacuum. The residue is digested with 1.^ 1 of deion- 
ized water and filtrated off. The wet product is taken up 
in 3 1 of MTBE (methyl t-butyl ether) , The solution is ex- 
tracted with a saturated NaCi solution (2 x 100 mi), and 
the organic phase is dried with sodium sulfate. The solu- 
tion is concentrated to a volume of 500 ml. Following addi- 
tion of 1.5 1 of isopropyl ether, stirring for two hours is 
effected. The product is filtrated and dried. The yield is 
104.6 g of fragment 3c indicated in Fig. 2. 

Example 4 

Preparation of Fragment ANP (121-125) 

In an analogous manner as described in Example 3, 
starting from 264 g of Fmoc-Arg ( Pbf) -OHMPB- support resin 
and following the procedure described, 115.1 g of cardio- 
dilatin fragment ANP (121-125) is obtained. 

Example 5 

Preparation of Fragment ANP (95-108) 

Following the general procedures of Example 1/ and 
starting from 210 g of Fmoc-Gly-OHMPB-support resm, 
151.5 g of the fully protected cardiodilatin fragment 
ANP(95-i08> is obtained. 



Examp le 6 

Preparation of Fragment ANP (99-108) 

Following the general procedures of Example 1, and 
starting from 190 g of Fmoc-Giy-OHMPB-support resin, 
145.1 g of the fully protected cardiodilatin fragment 
MP (99-108) is obtained. 

Example 7 

Preparation of Fragment ANP (102-108) 

Following the general procedures of Example 1, and 
starting from 220 g of Fmoc-Gly-OHMPB-support resin, 
165.3 g of the fully protected cardiodilatin fragment 
ANP(102-108) is obtained. 

Example 8 

Condensation of the Partial Fragments to the Intermediate 
Product 

The fragment ANP (109-120) is converted to the in- 
termediate ANP (109-121} -r2 by condensation with the 
C-terminal fragment ANP(121)-r2 according to the following 
general process: 

The fragment ANP (109-120) , the amino terminus of 
which is protected by the Fmoc group, is dissolved in 
M-methylpyrrolidone. Subsequently, TBTU (2- ( IH-benzotri- 
azol-l-yl) -1, 1, 3^ 3-tetramethyluronium tetraf luoroborate) , 
1-hydroxybenzotriazole and diisopropyiethylamine are added 
to the solution at room temperature with -stirring. There- 
after, the fragment ANP (121) -R^ provided with an appropri- 
ate protecting group at the C-terminal end and dissolved in 
N-methylpyrrolidone is added to the solution. In the fol- 



lowing, the reaction is monitored by thin layer chromato- 
graphy. After about 2 hours, the reaction is complete* 
Then, the reaction mixture is dripped onto diisopropyl 
ether with stirring and subsequently stirred for about 30 
minutes. The precipitate is filtrated on a porcelain suc- 
tion funnel over hard filter and washed twice with diiso- 
propyl ether. Thereafter, the residue is suspended in ace- 
tonitrile and digested at room temperature with stirring' 
Subsequently, the product is filtrated on a porcelain suc- 
tion funnel, rewashed with acetonitrile and dried to con- 
stant weight in a vacuum chamber at 40**C, The thus obtained 
crude product represents the cardiodi latin fragment Fmoc- 
ANP (109-121) protected at the amino terminus by the Fmoc 
protecting group. Thereafter, the Fmoc group is removed ac^ 
cording to known procedures to obtain the intermediate 
product H-ANP (109-121) -r2, 

example 9 

Condensation of Fragments ANP (109-120) with ANP (121-126) to 
ANP(109"126) 

Following the general procedure described in Exam- 
pie 8, 21,6 g of Fmoc-ANP ( 109-120) is dissolved in 650 ml 
of N-methylpyrroiidone, Subsequently, 3.2 g of TBTU (2-(lH- 
benzotriazol-l-yl) -1, 1,3, 3-tetramethyluronium tetraf iuoro- 
borate), 1.5 g of 1-hydroxybenzotriazole and 3,5 ml of 
diisopropylethylamine are added to the solution at room 
temperature with stirring. Thereafter, a solution of 
H-ANP {121-126) -OtBu, dissolved in 150 ml of M-methylpyr- 
rolidone, is added. In the following, the reaction is moni- 
tored by thin layer chromatography. After about 2 hours, 
the reaction is complete. Then, the reaction mixture is 
dripped onto 4 1 of diisopropyl ether with stirring and 
subsequently stirred for about 30 minutes. The precipitate 
is filtrated on a porcelain suction funnel over hard filter 
and washed twice with 500 mi of diisopropyl ether. There- 
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after, the residue is suspended in 600 ml of acetonitriie 
and digested at room temperature with stirring. Subse- 
quently, the product is filtrated on a porcelain suction 
funnel, rewashed with 300 mi of acetonitriie and dried to 
constant weight in a vacuum chamber at 40''c* Subsequently^ 
the crude product Pmoc-ANP (109-125) thus obtained in an 
amount of 32.3 g is converted to the unprotected ANP(109- 
126) by addition of diethylamine . The yield is 30.2 g. . 

Example 10 

condensation of Fragments ANP (109-120) with ANP(121-125) to 
ANP(1Q9"125) 

Following the general procedure described in Exam- 
ple 8, 18.6 g of Fmoc-ANP (109-120) is dissolved in 600 ml 
of N-methylpyrrolidone. Subsequently, 3.0 g of TBTU (2-(lH- 
benzotriazol-l-yl) -1, 1,3, 3-tetram6thyluronium tetraf iuoro- 
borate), 1.2 g of l-hydroxybenzotriazole and 3.0 ml of 
diisopropylethylamine are added to the solution at room 
temperature with stirring. Thereafter, a solution of 
H-ANP (121-125) -OtBu, dissolved in 150 mi of M-methyipyr- 
roiidone, is added. In the following, the reaction is moni- 
tored by thin layer chromatography. After about 2 hours, 
the reaction is complete. Then, the reaction mixture is 
dripped onto 4 1 of diisopropyl ether with stirring and 
subsequently stirred for about 30 minutes. The precipitate 
is filtrated on a porcelain suction funnel over hard filter 
and washed twice with 450 ml of diisopropyl ether. There- 
after, the residue is suspended in 500 mi of acetonitriie 
and digested at room temperature with stirring. Subse- 
quently, the product is filtrated off on a porcelain suc- 
tion funnel, rewashed with 250 ml of acetonitriie and dried 
to constant weight in a vacuum chamber at 40'*C. Subse- 
quently, the crude product Fmoc-ANP ( 109-125) thus obtained 
in an amount of 29.1 g is- converted to the unprotected 
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ANP(109-125) by addition of diethyiamine , The yield is 
28.2 g. 

Example 11 

Condensation of the Partial Fragments to the Final Product 

The intermediate ANP ( 109-121 ) -R^ is converted to 
the final product R^-AMP(105-121) -R^ by condensation with 
the amino-terminal fragment R^-ANP (105-108) according to 
the following general process: 

The fragment R^-ANP (105-108) , the amino terminus of 
which is protected by an appropriate protecting group, is 
dissolved in N-methylpyrrolidone. Subsequently, TBTU 
{2- (IH-benzotriazol-l-yi) -1,1,3, 3-tetramethyiuronium tetra- 
f luoroborate) , 1-hydroxybenzotriazole and diisopropylethyi- 
amine are added to the solution at room temperature with 
stirring. Thereafter, the fragment ANP { 109-121 ) -R^ provided 
with an appropriate protecting group at the C-terminal end 
and dissolved in N-methylpyrrolidone is added to the solu- 
tion. In the following, the reaction is monitored by thin 
layer chromatography. After about 2 hours, the reaction is 
complete. Then, the reaction mixture is dripped onto diiso- 
propyl ether with stirring and subsequently stirred for 
about 30 minutes ♦ The precipitate is filtrated on a porce- 
lain suction funnel over hard filter and washed twice with 
diisopropyl ether. Thereafter, the residue is suspended in 
acetonitrilG and digested at room temperature with stir- 
ring. Subsequently, the product is filtrated off on a por- 
celain suction funnel, rewashed with acetonitrile and dried 
to constant weight in a vacuum chamber at 40*^0. The thus ob- 
tained crude product represents the cardiodilatin fragment 
R^-ANP (105-121) protected by appropriate protecting 
groups at the amino terminus and the C-terminus. There- 
after, the protecting group is removed according to known 
procedures to obtain the intermediate product H-R^-ANP ( 109- 
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121) -r2. Following complete removal of the protecting 
groups, the obtained cardiodilatin fragment is converted 
to the cyclized derivative by oxidation and according to 
known procedures, for example, using iodine. 



Example 12 

Condensation of Fragments ANP( 109-126) an d ANP (95-108) to 
ANP (95-126) 

a) Preparation of ANP (95-126) 

Following the general procedure described in Exam- 
ple 11, 20.6 g of Boc-ANP (95-108) is dissolved in 400 ml of 
N-methylpyrrolidone. Subsequently, 2.7 g of TBTU (2-(lH- 
benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoro- 
borate), 1.3 g of 1-hydroxybenzotriazole and 2.7 ml of 
diisopropylethylamine are added to the solution at room 
temperature with stirring. Thereafter, a solution of 29.4 g 
of H-ANP (109-126) -OtBu, dissolved in 400 ml of 
N-methylpyrrolidone, is added. In the following, the reac- 
tion is monitored by thin layer chromatography. After about 
2 hours, the reaction is complete- Then, the reaction mix- 
ture is dripped onto 6.5 1 of diisopropyi ether with stir- 
ring and subsequently stirred for about 30 minutes. The 
precipitate is filtrated on a porcelain suction funnel over 
hard filter and washed twice with 500 ml of diisopropyi 
'ether. Thereafter, the residue is suspended in 600 ml of 
acetonitrile and digested at room temperature with stir- 
ring. Subsequently, the product is filtrated off on a por- 
celain suction funnel, rewashed with 500 ml of acetonitrile 
and dried to constant weight in a vacuum chamber at 40°C. 
Subsequently, the crude product Boc-ANP ( 95-126) -OtBu thus 
obtained in an amount of 42.5 g is converted to the unpro- 
tected ANP (95-126) and dried. The yield is 27.5 g. 
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b) Cyclization of the deprotected linear ANP(95-i26) 

60 g of unprotected ANP(95-126) is dissolved in 
16 1 of 5'^ acetic acid in deionized water (v/v) and oxi- 
dized by addition of 570 ml of a 0.02 M methanolic iodine 
solution. The reaction is complete after 5 minutes* Excess 
iodine is destroyed by addition of a 0.1 M sodium thiosui- 
fate solution. The cyclization solution obtained is .sub- 
jected directly to further processing. 

Example 13 

Condensation of Fragments ANP (109-126) and ANP (99-108) to 
M[P(99-126) 

Analogous to the procedure described in Example 12, 
22.5 g of Boc-ANP (99-108) is dissolved in 400 mi of 
N-methylpyrrolidone. Subsequently, 2.9 g of TBTU {2-{lH- 
benzotriazol-l-yl) -1, 1^ 3^ 3-tetramethyIuroniuin tetrafluoro- 
borate) , 1.4 g of l-^hydroxybenzotriazole and 2.8 ml of 
diisopropylethyiamine are added to the solution at room 
temperature with stirring. Thereafter, a solution of 30.6 g 
of H-ANP ( 109-126) -OtBu, dissolved in 400 ml of 
N-methylpyrrolidoner is added. In the following, the reac- 
tion is monitored by thin layer chromatography. After about 
.2 hours, the reaction is complete. Then, the reaction mix- 
ture is dripped onto 6.5 1 of diisopropyi ether with stir- 
ring and subsequently stirred for about 30 minutes. The 
precipitate is filtrated on a porcelain suction funnel over 
hard filter and washed twice with 500 ml of diisopropyi 
ether. Thereafter^ the residue is suspended in 600 ml of 
acetonitrile and digested at room temperature with stir- 
ring. Subsequently, the product is filtrated off on a por- 
celain suction funnel, rewashed with 500 ml of acetonitrile 
and dried to constant weight m a vacuum chamber at 40°C. 
Subsequently, the crude product Boc-ANP { 99-126) -OtBu thus 
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obtained in an amount of 44,7 g is converted to the unpro- 
tected ANP(99-126) and dried. The yield is 28.1 g. 

Example 14 

Condensation of Fragments ANP (109-126) and ANP(102-108) to 
ANP(1Q2-126) 

Analogous to the procedure described in Example 12, 
20.4 g of Boc-ANP (102-108) is dissolved in 360 ml of 
N-methylpyrrolidone. Subsequently, 2.7 g of TBTU (2-(lH- 
benzotriazol-l-yl) -1^1,3, 3-tetramethyiuroniuni tetrafiuoro- 
borate), 1.4 g of l-hydroxybenzotriazole and 2 . 6 ml of 
diisopropylethylamine are added to the solution at room 
temperature with stirring. Thereafter, a solution of 30.1 g 
of H-ANP (109-126) -OtBu, dissolved in 400 ml of 
N-methylpyrrolidone^ is added. In the following, the reac- 
tion is monitored by thin layer chromatography. After about 
2 hours, the reaction is complete. Then, the reaction mix- 
ture is dripped onto 6.5 1 of diisopropyl ether with stir- 
ring and subsequently stirred for about 30 minutes. The 
precipitate is filtrated on a porcelain suction funnel over 
hard filter and washed twice with 500 ml of diisopropyl 
ether. Thereafter, the residue is suspended in 600 ml of 
acetonitrile and digested at room temperature with stir- 
ring. Subsequently, the product is filtrated off on a por- 
celain suction funnel/ rewashed with 500 ml of acetonitrile 
and dried to constant weight in a vacuum chamber at 40'*C. 
Subsequently, the crude product Boc-ANP ( 102-126) -OtBu thus 
obtained in an amount of 41.2 g is converted to the unpro- 
tected ANP(102-126) and dried. The yield is 26.9 g. 
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Example 15 

Purification of ANP (95-126) and Preparation of the High-Pu- 
rity Form 

a) Concentrating the cyclized urodilatin [ANP (95-126) ] 

The cyclization solution (about 17 liters of 5% 
AcOH, in deionized water (v/v) , contains about 60 g of 
cyclized urodilatin) is applied (flow rate 130 ml/min) 
on a glass column {diameter: 70 mm, length; 900 mm, 
filled with Vydac 218 TPS 2030) equilibrated with 
1000 ml of buffer A3 (0.1% TFA (v/v) in deionized 
water) ♦ 

Once application by pumping is finished, the 
peptide is eluted by continuous charging of buffer B3 
(0.1% TFA in deionized water/ACN 2:3 v/v) in a continu- 
ous gradient (0% buffer B during 40 min; 15-35% 
buffer B during 90 miri; 35% buffer B during 10 min; 
flow rate 130 ml/min) . 

urodilatin fractions showing a purity of more 
than 75% on monitoring by analytical HPLC are combined. 
These combined fractions are diluted with one volume 
equivalent of deionized water and applied (flow rate 
140 ml/min) on a Biotage module (diameter: 75 mm, 
length: 300 mm, filled with YMC C^q^ 120 A, 10 ^m) 
equilibrated with 300 ml of buffer A3* 

Subsequently, the concentrated peptide is 
eluted by washing the column with 100% buffer B3/ and 
the acetonitriie is evaporated. The remaining solution 
is lyophilized. 

Between 17 and 20 g of urodilatin with a purity 
of more than 90% is obtained. 
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b) Purification of the concentrated urodilatin 

4*5 g of the concentrated urodilatin is dis- 
solved in 250 ml of lOV^ AcOH in deionized water (v/v) 
and applied [flow rate 140 ml/min) on a Biotage module 
(diameter: 75 mm, length: 300 mm, filled with YMC C^^g, 
120 A, 10 ]xm) equilibrated with 300 ml of buffer AA 
(50 mM TEAP, pH 2.25, in deionized water). 

The peptide is eluted by continuous charging of 
buffer B4 (50 mM TEAP, pH 2.25 in deionized water/ACN 
2:3 v/v) in a continuous gradient {22-28% B during 90 
min; 28% B during 10 min; 28-40% B during 20 min; flow 
rate 140 ml/min) . 

urodilatin fractions showing a purity of more 
than 99% and impurities of not more than 0,5% on moni- 
toring by analytical HPLC are combined. These cowbined 
fractions are diluted with one volume equivalent of 
deionized water and pumped onto the Biotage module pre- 
viously cleaned with 1000 ml of buffer B3 and subse- 
quently equilibrated with 300 ml of buffer A3. For de- 
salting, a washing with 1200 ml of buffer A3 is made. 

The pure product is eluted by washing the col- 
umn with 1500 ml of buffer B3, and the acetonitrile is 
evaporated. The remaining solution is lyophilized. 

The result is between 2.3 and 2.7 g of high-pu- 
rity urodilatin. 

c) Resalting of urodilatin x TFA to urodilatin acetate 

2.5 g of high-purity urodilatin x TFA salt is 
dissolved in 80 ml of 5^ AcOH, in deioniz-ed water v/v, 
and applied to a chromatography column" (diameter: 



20 nun, length: 300 mm, filled with 40 ml of Merck ion 
exchanger III acetate form) washed with b-;, AcOH. A 
washing with 40 ml of 5=^ AcOH is made. The eluate, 
about 125 ml, is applied once more to the same ion ex- 
change column. A washing with 55 ml of 5% AcOH is made. 
The eluate, about 180 ml, is filtrated clear over a 
polysulfone membrane (diameter 47 mm, 0.2 pm) . The so- 
lution is lyophilized. 

The result is between 2.05 and 2.30 g of high- 
purity urodilatin acetate. 



Example 16 

Purification of ANP [99-126) and Preparation o f the High-Pu- 
rity Form 

a) Concentrating the cyclized cardiodilatin fragment 
ANP{99-126) 

Analogous to Example 15a), the cyclization so- 
lution (about 15 liters of 5% AcOH, in deionized water 
(v/v), with a peptide content of about 50 g) is applied 
(flow rate 130 ml/min) on a glass column equilibrated 
with 1000 ml of buffer A3 (0.1% TFA (v/v) in deionized 
water) . Once application by pumping is finished, the 
peptide is eiuted by continuous charging of buffer B3 
(0.i?> TFA in deionized water/ACN 2:3 v/v) in a continu- 
ous gradient (0% buffer B during 40 min; 15-35?, 
buffer B during 90 rain; 35% buffer B during 10 min; 
flow rate 130 ml/min) . Peptide fractions showing a pu- 
rity of more than 15 h on monitoring by analytical HPLC 
are combined. These combined fractions are diluted with 
one volume equivalent of deionized water and applied 
(flow rate 140 ml/min) on a Biotage module equilibrated 
with 300 ml of buffer A3. Subsequently,- the concen- 
trated peptide is eiuted by washing the column with 
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100*^ buffer B3. and the acetonitriie is evaporated. The 
remaining solution is lyophilized. 

The result is between 14 and 17 g of cardiodi- 
latin fragment ANP (99-126) with a purity of more than 
90%. 

b) Purification of the concentrated ANP (99-126) 

3.5 g of the cardiodilatin fragment concen- 
trated according to Example 16a) is dissolved in 200 ml 
of 10% AcOH in deionized water (v/v) and applied (flow 
rate 140 mi/min) on a Biotage module equilibrated with 
300 ml of buffer AA (50 mM TEAP, pH 2.25, in deionized 
water) . The peptide is eluted by continuous charging of 
buffer B4 (50 mM TEAP, pH 2.25 in deionized water/ACN 
2:3 v/v) in a continuous gradient {22-28% B during 90 
min; 28% B during 10 min; 28-40*% B during 20 min; flow 
rate 140 mi/min) , 

Peptide fractions showing a purity of more than 
99% and impurities of not more than 0.5% on monitoring 
by analytical HPLC are combined. These combined frac- 
tions are diluted with one volume equivalent of deion- 
ized water and pumped onto the Biotage module previ- 
ously cleaned with 1000 ml of buffer B3 and subse- 
quently equilibrated with 300 ml of buffer A3. For de- 
salting, a washing with 1000 ml of buffer A3 is made. 

The pure product is eluted by washing the col- 
umn with 1500 ml of buffer B3, and the acetonitriie is 
evaporated. The remaining solution is lyophilized. 

The result is between 1.7 and 2.2 g of high-pu- 
rity cardiodilatin fragment ANP(99-126). Analogous to 
the procedure described in Example 14c), .this fragment 
is converted to the corresponding acetate salt. The re- 
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suit is between 1.3 and 1.7 g of hiqh-purity ANP(99- 
125) acetate. 

Example 17 

Purification of ANP (102-126) and Preparation of the High- 
Purity Form 

a) Concentrating the cyclized cardiodilatin fragment 
ANP(102-126) 

Analogous to Example 15a), the cyclization so- 
lution (about 18 liters of 5% AcOH, in deionized water 
(v/v) , with a peptide content of about 65 g) is applied 
(flow rate 130 ml/min) on a glass column equilibrated 
with 1000 ml of buffer A3 (0.1% TFA (v/v) in deionized 
water) • Once application by pumping is finished/ the 
peptide is eluted by continuous charging of buffer B3 
(0.1% TFA in deionized water/ACN 2:3 v/v) in a continu- 
ous gradient (0% buffer B during 40 min; 15-35% 
buffer B during 90 min; 35% buffer B during 10 min; 
flow rate 130 -ml/min). Peptide fractions showing a pu- 
rity of more than 15% on monitoring by analytical HPLC 
are combined. These combined fractions are diluted with 
one volume equivalent of deionized water and applied 
(flow rate 140 ml/min) on a Biotage module equilibrated 
with 300 ml of buffer A3. Subsequently, the concen- 
trated peptide is eluted by washing the column with 
100% buffer 83, and the acetonitrile is evaporated. The 
remaining solution is lyophilized. 

The result is between 19 and 23 g of cardiodi- 
latin fragment ANP (102-126) with a purity of more than 
90%. 
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b) Purification of the concentrated ANP (102-126) 

4.8 g of the cardiodilatin fragment concen- 
trated according to Example 17a) is dissolved in 200 ml 
of 10^ AcOn in deionized water (v/v) and applied (flow 
rate 140 mi/min) on a Biotage module equilibrated with 
300 ml of buffer A4 (50 mM TEAP. pH 2.25, in deionized 
water) . The peptide is elated by continuous charging of 
buffer B4 (50 mM TEAP, pH 2.25 in deionized water/ACN 
2:3 v/v) in a continuous gradient (22-28% B during 90 
min; 28% B during 10 min; 28-40% B during 20 min; flow 
rate 140 ml/min) . 

Peptide fractions showing a purity of more than 
99% and impurities 'of not more than 0.5% on monitoring 
by analytical HPLC are combined. These combined frac- 
tions are diluted with one volume equivalent of deion- 
ized water and pumped onto the Biotage module previ- 
ously cleaned with 1000 ml of buffer B3 and subse- 
quently equilibrated with 300 ml of buffer A3. For de- 
salting, a washing with 1000 mi of buffer A3 is made. 

The pure product is eluted by washing the col- 
umn with 1500 ml of buffer B3, and the acetonitrile is 
evaporated. The remaining solution is lyophiiized. 

The result is between 1.9 and 2.4 g of high-pu- 
rity cardiodilatin fragment ANP (102-126) . Analogous to 
the procedure described in Example 14c), this fragment 
is converted to the corresponding acetate salt. The re- 
sult is between 1.5 and 1.9 g of high-purity ANP (99- 
126} acetate. 
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Example 18 

Analytical HPLC Examinations Using the ANP (95-126) Example 
a) Elution with TEAP buffer, pH 2,25 

50 tig of ANP (95-126) is injected onto an ana- 
lytical HPLC colunm. A linear gradient of buffer B of 
25-45% during 20 minutes (buffer A: 50 mM TEAP, 
pH 2.25; buffer B: mixture of A and acetonitrile at a 
volume ratio of 2:3) served as the eluant. The chroma- 
togram in Fig, 5 reveals that two polar impurities are 
contained which may be separated by the eiuant em- 
ployed . 

Legend to Fia^ 5 : 

25 - 45 % in 20 min. 

Buffer A; 50mM TEAP pH 2,25 

Buffer B: A:ACN (2:3) 

215 nm 1,0 ml/"C-Nr. 4040465 C 

M+N 250/l/4'=»/3 Nuc 300 A5 u CIS 

D-2500 

Method: 50 |.ig; TAG 243 CH:1; Peak reject: 5000 

File: 1; Calculation method: area% ? Table: 0/ cone : area 
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No. RT Area 



5 


7,82 


53358 


0,311 


BV 


6 


8,08 


84196 


0,491 


W 


7 


9,07 


386602 


2,255 


w 


8 


9,78 


1265799 


7,384 


w 


9 


10,56 


4701290 


27,430 


w 


10 


10,92 


10557085 


61.582 


w 


11 


11,91 


27613 


0,161 


TBB 


12 


12,82 


8763 


0,051 


TBB 


13 


13,76 


14346 


0,084 


BB 


14 


14,86 


31959 


0,186 


BB 


15 


19,04 


10892 


0,064 


BB 



Total 17143003 100,00 



b) Elution with 0.1% TFA {trif luoroacetic acid) 

Analogous to Example 18a), 50 /ig of ANP(95-126) 
of the same production batch is applied onto an ana- 
lytical HPLC column. A linear gradient of buffer B of 
30-50% during 20 minutes (buffer A: 0.1% TFA in waters- 
buffer B: mixture of A and acetonitrile at a volume ra- 
tio of 2:3) served as the eluant. The chromatogram in 
Fig* S reveals that separation of the contained impuri- 
ties by means of this eluant is not effected. Compared 
to the chromatogram in Example a) , the main peak is 
broader and the isolated product contains both of the 
polar impurities which can be recognized in the chroma- 
togram of Fig, 5 . 
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Legend to Fig, 6: 

30 - 50 % B in 20 min. 

Buffer A: 0,1 % TFA in water 

Buffer B: A:ACN (2:3) 

215 nm 1,0 ml/''C-Nr. 4011079 C 

M+N 250/l/4°/3 Kuc 300 LA 5u C18 

D-2500 

Method: 50- i-ig; TAG 142; CH:1; Peak reject: 5000 

File: 2; Calculation method: area%; Table: 0; conc: area 





No. 


gT 


Area 


% 


BC 




2 


3,64 


5073 


0,040 


BV 




4 


5, 10 


6624 


0,053 


BB 




5 


5,92 


8161 


0,065 


BB 




6 


7,36 


6814 


0,054 


BB 




7 


9,11 


252878 


2,012 


BB 




9 


11,73 


87629 


0,697 


BB 




10 


12,60 


258273 


2,055 


BB 


S ? r 


11 


13,09 


4578590 


36,428 


W 


= 
111 


12 


13,26 


7175177 


57,086 


W 




13 


14, 67 


179155 


1,425 


TBB 




14 


17,48 


10611 


0,084 


BB 




Total 




12568985 


100,00 





Example 19 

Purity Check by Capillary Slectroohoresis 

Lyophilized samples of the final products of car- 
diodilatin fragments from Exatt^les 15 through 17 are dis- 
solved in water at a concentration of l mg/ml and analyzed 
immediately. Capillary electrophoresis was performed using 
the Beckmann P/ACE 2100 system under the following condi- 
tions: 



Capillary: Fused Silica by Supelco, separation- length 
50 cm, internal diameter 75 /zm 
Detection wave length: 200 nm 
Injection period: 1 s 

Separation buffer: 100 roM sodium phosphate, pH 2,5,- 0.02% 

hydroxypropy Ime t hy 1 ce 1 lulose 

Separation parameters: 25''C, 80 /iA, 30 min 

Figure 3 shows the chromatogram obtained for prior art 
urodilatin. 

Figure 4 shows the chromatogram for high-purity urodilatin 
obtained according to Example 15 . 

A comparison of both chroma tograms reveals that the 
urodilatin according to the invention differs significantly 
from prior art urodilatin. The urodilatin according to the 
invention is free of peptide impurities. 
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INDEX OF ABBREVIATIONS 
Amino acids 

L- Alanine 
L-Asparagine 
I*-Asparaginic acid 
L-Arginine 
L-Cysteine 
L-Glutamine 
Glycine 
L-Isoleucine 
L- Leu cine 
L-Methionine 
L-Phenylalanine 
L- Proline 
L-Serine 
L-Threonine 
L-Tyrosine 

s y 

Protecting groups 



Boo 


t-Butyloxycarbonyl 


Fmoc 


9 - Fluorenylmethoxycarbonyl 


OtBu 


t-Butyl ester 


Pbf 


2,2,4,6 , 7-Pentamethyldihydrobenzof uran-5-sulf onyl 


Pmc 


2 , 2 ; 5 , 7 , 8-Pentaraethylchroman~6-sulf onyl 


tBu 


t -Butyl ether 


Acm 


Acetamidomethyl 


Trt 


Trityl 



Reagent s /Solvent s 



Ala 
Asn 
Asp 
Arg 
Cys 
Gin 
Gly 
He 
Leu 
Met 
Phe 
Pro 
Ser 
Thr 
Tyr 



ACN 
TFA 
TEAP 



Acetonitrile 

Trif luoroacetic acid 

Triethylammonium phosphate 



# 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLK 

(A) NAMB: Corange International Ltd. 

(B) STREET: 36 Dover Street 

(C) CITY* London 
{E) COUNTTiY: United Kingdom 
(F) POSTAa CODE (ZIP): WIX 3RB 



o 

o 
ru 

H 
H 
H 
SI 

~ 

o 
m 
m 

m 

w 



(A) NAME: Wssmann, Wolf-Georg, Prof. Dr. med. Dr, h,c. 

(B) STREET A Bluecherstr. 5 

(C) CITY: Hannover 
{ E ) COUNTRY :\ Germany 
(F) POSTAL C^DE (ZIP) t 30175 

(A) NAME: Adeifmann, Knut, Dr. 

(B) STREET: Scjjileidenstr . 5 

(C) CITY! Hannover 

(E) COUNTRY: Ge^rmai; 

(F) POSTAL CODe\/zIP) : 30177 

(A) NAME; Inu/Ser L^ns-Ueli , Dr. 

(B) STREET: iJa^fenVea 6 

(C) CITY: Bafstha] 

(E) COUNTRY: Switzferlfend 

(F) POSTAL CODE (ZIP) \ 4710 



(A) NAME: Klessen, C?)iristian, Dr, 

(B) STREET: Hauptstri 26 

(C) CITY: Lauterecken\ 

(E) COUNTRY: Germany 

(F) POSTAL CODE (ZIP) : '$7742 
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(ii) TITLE OF ihVBNTION: A Process for Preparing Cardiodi latin 

Fragments; Highly Purified Cardiodilacin Fragments and 
Intermediate Products for the Preparation of Same 

(iii) NUMBER OF SE^^OENCESi 3 

{iv) COMPUTER READABLE FORM: 

(A) MEDIUM T^PE: Floppy disk 

(B) COMPOTERrl IBM PC compatible 

(C) OPERATING \SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Valentin Release #1.0, Version #1,30 (BPO) 

(vi) PRIOR APPLICATIOil? DATA: 

(A) APPLICATION WUMBER : DE P 44 20 381.0 

(B) FILING 0ATB:\jUNE 02, 1994 



1^ 



(vi) PRIOR APPLICATION E^TA: 

(A) APPLICATION NUMBER: DE 195 13 784,1 

(B) FILING DATE: APpPM-O, 1994 

(2> INFORMATION FOR SEQ ID NO: 



(i) SEQUENCE CHARACTfeRISTltS : 

(A) LENGTH: 17 amino a^ds 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ lb No: 1: 

Cys Phe Gly Gly Arg Met Asp Arg lie GQ.y Ala Gin Ser Gly Leu Gly 
15 IQ 15 



Cys 



1 
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(2} INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENpTH: 15 amino acids 

(B) TYPS: amino acid 

(C) STRAHDEDNESS; 

CD) TOPOLOGY: linear 

(ii) MOIiECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID WO: 2: 

Leu Arg Ala Leu Leu Thlp Ala Pro Arg Ser Leu Arg Arg Ser Ser 
1 5 \ 10 15 

(2) INFORMATION FOR SEQ ID NjS: 3: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LBNGT^':/5 a^is^O acidS 

(B) TYPE/^amino kcic 

(C) STRANDEDNESS i 

(D) TOPOLOGY: linfear 



(ii) MOLECULE TYPE: peptide 

\ 

(xi) SEQUENCE DESCRIPTION a SEQ ID KFo : 3: 



Asn Ser Phe Arg Tyr 
1 5 



A process for the preparation of 
fragments of formula I 

Ri-ANP{105-121) -r2 



37 amino acids in 
^ents the amino acid 



having a chain length of 

total, wherein ANP (105-121) rej 

sequence [SSQ ID NO. 1] , 

represents an amino y^ci^ chain of sequence 
ANP (90-104) [SEQ ID No/ 2T or fragments thereof 
having a chain length dt 0-15 amino acids, and 

r2 represents an ^ino acid chain of sequence 

ANP (122-126) [SEQ/ID NO. 3] or fragments thereof 
having a chain L^gth of 0 - 5 amino acids, charac- 
terized in tha/ synthesis is effected via condensa- 
tion of at Ifeast three partial fragments, the con- 
densation /of said partial fragments to give the 
cardiodilatin fragment of formula I being carried 
out h^ween the amino acid positions Gly^^^ and 
Arg3^ and the amino acid positions Gly^^^ and 

/ 



(121 



/ The process according to claim 1, wherein 

(a) in a fiiist step, condensation of the partial 
fragments is ^effected between the amino acid posi- 
tions Gly^^^ ^d Cys^2i tTcm the partial fragments 
ANP (109-120) aAa Cys^2i_R2^ 

(b) ' in a sec^ct^ step, condensation of the partial 
fragments is/ effected between the amino acid posi- 
tions Gly^°^; ^dXlArg^^^ from the partial fragment 
ANP (109-121) -R^ obtained according to step (a) and 
the partial fragment R^^-ANP (105-108) 



The proems according to one of claims l or 2 , 
wherein represents the amino acid sequence ANP(122- 
126) t characterized in that in a first step, the frag- 
ment ANP(109-i26) ~©tBu is prepared by condensation of 
the fragment Fmoc-MJP (109-120) -OH, which is synthesized 
on a solid support! phase according to the Merrifield 
process and removed therefrom, with the fragment 
H-ANP(121-126) -OtBu,\ and subsequently, the Fmoc pro- 
tecting group is repioved from the resulting fragment 
Fmoc-ANP (109-126) -OtI 

The process According to one of claims 1-3, 
wherein represents \ the amino acid sequence ANP(95- 
104), characterized in\ that the. cardiodilatin fragment 
of formula I is prepared by condensation of the frag- 
ment Boc-AWP (95-108) -OH, which is synthesized on a 
solid support phase according to the Merrifield process 
and removed therefrom/ \with the fragment H-ANP{109- 
126)-0tBu, and subsequently, the protecting groups are 
removed from the result^-gg-^^f ragment Boc-ANP (95-12G) 
OtBu. 



The process ^cce&dihg to one of claims 1-4, 
characterized in that wheii^ jforming the three partial 
fragments R^-ANP (105-108) , MrP{109-120) or ANP(121)-r2 
according to the Merrifiel^V process, bonding to the 
solid support material is efi^ected by means of a super- 
acid-sensitive linker. ^ 



The process according to one of claims 1-5, 
characterized in that the ami:^o and hydroxy protecting 
groups are removed from the obtained fully protected 
cardiodilatin fragment R-^-ANP(i05-121) -R^, forming the 
fragment protected by the protecting group Acm at 
^ygi05^ and subsequently, the protecting group Acm is 




removed from tlr\e thus obtained fragment and thereafter, 
the cardiodilatin fragment is cyclized by oxidation. 

The process according to one of claims 1-6, 
characterized in \that represents the amino acid se- 
quence selected ftom the group of ANP(95-104) , ANP(99- 
104) and ANP (102-3^04) , 

The process according to one of claims 1-7, 
characterized in tmat R-^ represents the amino acid se- 
quence selected f:^om the group of AUP (122-125) and 
ANP(122-126) . 



9. A process f®r the preparation of high-purity 

cardiodilatin fragments R^-ANP(105-121) -R^ having a 
chain length of 17-37\ amino acids in total, wherein R^ 
represents an amino acid chain of sequence ANP (90-104) 
or fragments thereof \having a chain length of 0-15 
amino acids, and R^ represents an amino acid chain of 
sequence ANP (122-126) ©r fragments thereof having a 
chain length of 0-5 arniadT^cids, characterized in that 
purification of the cvudk product is performed using a 
reversed -phase HPLC ^^a^funii, and the cardiodilatin frag- 
ment is eluted wit'il a buffer system containing tri- 
ethylammonium phosphate aKjd acetonitrile. 



10. The process according to claim 9, characterized 

in that the elution is performed at a pH value of 2-5, 
more specifically of 2-3. 



11. The process according! to one of claims 9 or 10, 

characterized in that the reversed-phase HPLC column is 
equilibrated with a triethylammonium phosphate buffer^ 
thereafter the concentrated crude product of the card- 
iodilatin fragment is appliecs and subsequently, the 
cardiodilatin fragment is eluted by continuous charging 
of a buffer mixture of triethylammonium ■ phosphate in 



water and acetoniprile (2:3 v/v) in a continuous gradi- 
ent . 

12. High-puritM cardiodilatin fragments R^-ANP(105- 
121) -R^ having a chain length of 17-37 amino acids in 
total, wherein represents an amino acid chain of se- 
quence ANP (90-104) or fragments thereof having a chain 
length of 0-15 amini) acids, and R^ represents an amino 
acid chain of sequence ANP (122-126) or fragments 
thereof having a chain length of 0-5 amino acids, char- 
acterized in that thW are substantially free of pep- 
tide impurities and qxhibit a single migration peak in 
the purity analysis u^ng capillary electrophoresis. 

13 . The high-purity cardiodilatin fragments of 
claim 12, characterizes in that represents an amino 
acid sequence selected \from the group of ANP(95-104), 
AMP(99-104) and ANP(102-Vo4) . 



irdiodilatin fragments of 



iized in that R^ represents an 



14 . The high-purit) 

claim 12 or 13, charae 

amino acid sequence s>elect\ed from the group of ANP (122- 
125) and ANPC122-126)( 



15, 



16. 



17. 



The high-purity cardipdilatin fragments accord- 
ing to one of claims 12 -14 A selected from the group of 
MJP{95-126); ANP{99-126), ANP (102-126) , and ANP{103- 
126) . \ 



lilc 



Pharmaceutical formulations, containing the 
high-purity cardiodilatin fra^ent according to one of 
claims 12-15 in addition to physiologically acceptable 
adjuvants or additives. 



Peptide fragments havin,; 
quence R^-ANP(105-108) , wherein 



in 



the amino acid se- 
represents an amino 



acid chain of sequence ANP (90-104)^ or fragments thereof 



having a chain length of 0-15 amino acids, as well as 
their derivatives modified by protecting groups. 



fragment 



Peptide 
ANP(109-120), as 
by protecting groubs 



having the amino acid sequence 
^ell as derivatives thereof modified 



Peptide fi'agments having the amino acid' se- 



quence AWP (109-121 
acid chain of 
thereof having 
well as the 
groups . 



-R^, wherein represents an amino 
lence ANP (122-126) or fragments 
laiin length of 0-5 amino acids, as 
rivatives modified by protecting 



Peptide fraOT\ents having the amino acid se- 
quence Cys^^^-R^, wherein represents an amino acid 
chain of sequence AilP (122-126) or fragments thereof 
having a chain length\ of 3-5 amino acids, as well as 

i 

their derivatives modif-ied by protecting groups. 




ABSTRACT 



The invention relates to a process for the prepara- 
tion of cardiodilatin fragments, to highly purified cardio- 
dilatin fragments, and to appropriate intermediates for the 
preparation of said fragments. Furthermore, the invention 
relates to highly purified cardiodilatin fragments which 
are free of peptide impurities and exhibit a single migra- 
tion peak in capillary electrophoresis, as well as to ap- 
propriate processes for the preparation of same. 
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Fig. 1 : Pathway of Synthesis 



Boc-l-14-OH 1 Fmoc-15-25-OH 2 Fmoc-27-32-OH 




Boc-l-32-OtBu 



Removal of protecting groups 

T 

H-1-32-OH linear peptide 

1 

Urodilatin Cyclic peptide 
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Flg> 3: 




Fig, 4: 
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Fig. 5; 
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dmy to di^dose inft>ncatiQn whzcb is jnaEtnal to patentabilhy as defined In 37 C J?.R. §1.55 wliich became available between, the filing 
date of the prior application and fte naqkmal or PCT bnematknai filing date of dib appHcadon. 

OinpfforUJE, ^ _____ 

(AppUcation Serial No.) ^UpgOate) ^iah») {paiemcd, pcading, aban^ojticd) 

•WtkldOltl ...MM. ^ nmtmtmmmmmmmmm ^ammmm^ ■ ' ' 

dnifiB^the (AppUcation Serial Na) (pSHx^Dm) (Status) ^tenced. pending, abandoned) 

UJS.) 

Afid X her^ appoiot as pnndpal attorneys David T. mmo, Reg. No. 22.^; Cbaries M. Marmetsteln. Reg, No, 25.S95; George £. 
Oram, Jr., Reg* No* 27,931; Kobot Munay. Keg. No^ 22|980; Manm S. Poattaan, Reg, Na 18.570; E* Marde Emai, Re«. No. 
32,131; mOsatl G. CHhmn, Reg, No, l94l4, Douglas H, Oddfaash. R^. No. 33,125; Kcna C Brown, R^. No. 32,402; Monica Chin 
Kias, Reg. No. 36,105; ShanmN. KlesDer, Reg. No. 36,335; JotoR. 'Bam, fti^. No. 37^27; aad Richard J. Bemian. 3R^. No. 39,107. 

I^asedizettancomm^aicaaollS(otltefo^owh^addIea»: NIKAIDO, MAfiMELSt^, MITRRAY & ORAM 

Mt^opdiian Square 

^5 ?ate»a( $treet« RW., Siutft 330 - Q Stteee Lobby 
Wai^ogtoo. D.C. 20005-5701 
C2Q2) tBa-5D00 Fau {202) 63g4SI0 

Iher^ decHaro that ail ^laienieids mads hernnof my own Icnowledge axe tme itnd thai ^ stateoients made on inibmmion ^nd belief are 
believed to be tme; and &fdier^ diat these staianentsweie made wUb thelcoowiedge diat wiUfid iitdse State^nents and the Itlce so made are 
punishabteby fine or in^^rftora^ or boft, under Secdon lOOt of Tide 18 of die Ifeited States Code and that su*^ wniM false 5t;i(ement5 
n^ jeopzidizo die validi^ of the applicadon qr ai^ patent issued diereon* 



(Sce)««(eC FulljaamoofsDlearfimiiivealor ffansnetl TMMER 

on tuck of _ , 

^ pjg^) Ittvencor'a sigoaiure 



Dale 

RmadencB Hasenveg 6. CH-4710 Balftha!. Switzerland [ 

Citizen^ Svitzsrland, « 

Post Office Address .^ailttJiaiaKC ; „ 
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Fim name of sectsnd joint iavttitor, ^aw Wo{f*Ggorg^FORS^A>?hf 
Iirvcmot's sisnawfc ^ 



Fan name of t&ltd Joint inventDr, if &oy Kmit APgRMAKM 



ttestdencft SdrtrirfCTisfmiwit 5, D-30t77 HarmoTCr. Fedfcral Renliiilic of Germany 

CitinasbSp OgfTMnv 

Post QfiSai Address S^tnc m above ,, „ „. ...... 



Bdl name of fourth joint If aqy qinstian KLESSEN' 
MvcotofB tiguatore ^ 



|>oscQgBceAddf<«fi, gamfeaK above 



aame of fifth Joim liiraiteH-, if ii^ 



^ost Office Address . 



Stfisidence 



Citbscoship, 



Post Qfn^ Address. 



Full name of seventh John Inventor, if any . 



Post Office Addreas _ 



FuQ lunie tif eigjb& jdflt Iav^r> if in/ . 



Citizenstup . 



Bill asa» of ninth jDint inveoiof , If az^r . 
bveoior's ^igaawie - 



Hesidtflco 

Post Office Address . , 



^tklltltlilthllillilli^IBnSRIBff 
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N,M,M&0 Docket No. .£lfilid222 Nkaido.MaSMELSISN.Mxxr^ LLP 

Declaration For U.S. Patent AppKcation 

As a Swiow named invmm^ I hereby declare that: 

My residenoe^ post officfl address and cidzenship are ai Stated bdow tuy WOOt. 

I bdieve X am (be origbal, fim aod sole inventor ^ooly on« ossw \% Usxed bdcn?) or an odgisai, first and joint kventor (it plural itames 

ut listed bdow) of to suli^ mailer whicb i$ daivned ami far vhich a patent U socgbt cm di& iavoatioa entitled 

(Wt Tilted PTlOCgSS AND INTRRMHDTATS PROmiCTS TOR PREPARING CARDIODILATIM PRAGMBNtS, A>fP HlOHtr 

mRmE P .gARPIOPILATIN fRAQMENT? 

dut ifKcification of wbkb U attached heieto unle&a llie foUovViOg boX iS checked: 

a was filed oa ] [tfav 3Q. |$5>5 as United States App]icati(m Number or PCX Inteniationa! 

Application Number ^CT/gP95/&2ftS{> and whs amended oa (if applicable)- 

I hereby state that I hare mvlewed and understand die cmctm of the above-idwaificd spedficatura^ mclnding the claini(5), as amended 
by fti^r ameddmem rtfi^rcd (d abovft. 

X 4Ctoo\»le^e dm duty to dUdose mformaticm prhich is ni&tedft! to (utentabQily ^ ctelined in 37 C J^.R. |1^6. 
I beteby clftita foreign priori^ benefits iwifer 35 U»$.C- §U?(aH4) «r S365(b) tif any fordgfl applicatk»i(s) for patent or iavemor^s 
cettificitto, ox 53^(») of wy FCT JownwdcKal a^pilcadon whkh de^fiinued n Icart one coontey odier than die United States, listed bebw 
xod slso ^endfied bdow aiy ^itiga «p£»licfttiotk for psmt or Hiveiii)}r*5 ceiti&cate or PCT Msrtmdott&i Applica^^ having a fdiog 
dirte before lb« of Cbe ^icaUon(s) vrfdch priori^ is i:Isinffid: Priority Oafaned 



5m sou A 





, PB 




»YesDNo 


(Number) 


(Cmuury) 


^yMmdi/Veaf I^eiO 


BYes OKo 


Ctfuinber) 


(Cfnmtxy) 






dumber) 


(Coiuicfy) 


OE>ay/lkf (Htth/Year Filed) 





2 bcfdiy the benefit onder 35 U,$.C. I^ll9(e> of aiqr United States pnmsioikaS appiicat«Hi(s) listed below. 



{Application Ntoaber) <pSfa^ Bale) 



(^licadtmNimiber) (Hlhi^JDaie) 
akeH«ifr]BtaUCK a See Attached list for addldonalpdorfineiga or pto^ooalapplicatiotis. 

I liet«t)y dslm die bea»fH vwter 35 U»$.C 5120 <tf toy United States i^licatiorKs) or §3fiS(c) of any PCT Ijjter»ati<mal application(s) 
dcsigoj^ the Unhed Siatea of America listed below and, insofar as die mbjecc matttr of each of the daims of diis ^pllcatton h not 
disdosBd la the |nior ap{^doii($) (U^. or PCt) in dm manner provided iht first paregrai^ of 35^ U,$.C. $1 12, 1 acknowledg^c die 
di]^ to dtiMt!ofiemformaik»t^vidi^ {& materia! to paientabi% aidefmed in 37 CJPX $IJ6 whkb became Available between the ftring 
date of the prior agjiplication and the natiooal or FCT kktema^nal fUi^g date <if this application. 

OU«piforU.S. — - 

iS^^'^I^^ (Applicatkm Serial No.) (pliogDate) status) Cpatented, pending, abandoned) 



dealpiadnrte (Application Setial N6.) O^ilmgDate) (StatusXpatented* peodmg, abandoned) 

And I tg/^ appokt ai principal atmmeya D&vid T. Nika&^o, Ic^g. No. 22,663; Charles M. Mannelsteui, Reg, No. 25,S95; George H. 
Qxm, Jn, Reg. No. 27,»31; Robert B. Murray, Rey, No. 22,980; Martin S, Postman, 5^. No. 18,570; K Marcie Bms, Res. No. 
32,131; Michael G. GihMiu Reg. No. 19.H4, Douglas H. QoUhttiOk, Heg, Na 33,125; Kevin C. Brown, Reg. No, 32,40^; Monica Chin 
Kto. Reg, No, 36,105; Sharon N, lOeaier, R«f . No. 3W355 lotellL Ftdsas, Reg. No. 37,327; and lUdiardl. Bennan, Reg. No, 39.107. 

PieasodttectaUcommumtations to the foUowhig address: NIKAIDO, MARMEL^TEIN, NfURRAY & ORAM LIP 

M^n^liianS<{ixar& 

655 Fifteenth Street. N. W. , Stute 330 - G Street ijobby 
Washb^, D.C. 20D05-S70I 
(209 638-5000 Fax: 002} 63^10 

I heielv declate QiK aU stat^oents m^ herdn of iiiy o«ft 

believed to be tnie; »«l fanhcr, thftt ft^fifi j»gt«n«ntfl irmda triflt the tnowledga that willfal false staiemems anJ die iflce so made are 
^adshabloby fiOBor In^risonmsm, or bods, under Section 1001 of tide IS of d» United States Code and diatsttdi willful Msc stareineni:s 
m&y Jeopardize dte validity of the applkato or ai^ p&teiiff issued dicfeon. 



(^ecKoteC Raixmaeofsoleorfustniveator HaiifflritffiWyM 
BwetKor*s signature _ 



r!ItIraFfc9hip .'^y^tzeriand 

P08lOfflce Address .£afflU&Jtea . : . 
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Ftfll name of second Joint invert, if xoy Wolf-(feftrg F0R5SMANN 



Date 

ftpjiklgficfe Btfle1iftrtLrflit«t 5. n -3ni75 Hawwver. Federal Rfipnhfio of Crtfflianv 



Pft<t ntftfift Addresg ^^mq as ahove 



Bvestor/ If any J&mt ADBRMAW, ^ r— > 

Rflrfdancfl Schlfltgeastrassa 5. r>-3Q177 HaimOYtr, F^feTBl RfiT>t»^Tlh ? of OgTmanV . — 



aciaepairp,,,q,ronany,, 



Pnia-nffkaAdftma Sam«M8a1«ve 



BiUnsmft of fourth Joint kveit^ »f«tty rririfirian lam^ 



Cftizcnsftfe JSaiBaHX — 



Ptvet nffif» AdAesa Same art aliove 



Date 



BifiDameaf ^xthjamtiiivetuor, if ai^y^ ,.. — 

Rwridwim — ■■■■ 



Pikll mme of soveodi Joint kvenmr, if ai^. 
InvetKor's dgoature 



Date 

RflRldflncfl 



Post Office Addtess. 



Full xome of eighdi joint kvestor, ifwy . ~ 

Rgrfdcnce — — — 

rirtTftnfthip — , — 



FOSt OflEicB Address . 



Ftill nams of nimiijoMc lAvemor, . 



LJate 

Rwldeoce . — 



CItizcnathip. 



Post Office Address. 



mmmmmmmmmm 
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N,M,M&0 Docket No. JElfiW^352 _NnCAiDO. Marmh^thn, MURRAY & Oram LLP 

Declaralioii For U.S. Patent Application 

As a I^Iow namef! iavcfitor, I betels t^edaie that: 
My res!d£xH», post office ^dress sixl dtizcDs^ 

I bdfcve I am ihfi ori^, firw aisl sole memt 0SoxSyfm name is tted farfow) or an origiial, fcst and joint inYtoior (if pl™l iwnies 
art listed below) of tho s«*jca maner wtach !s clamed and for wWiA a pwrat is soug^it _ ^ 

mTFffn> CAffPTOnn^TTKyRAgMENTS ^ , ^ — 

the ^pecincatton of which is attached haieco unless the foOowing box Is (Aiectod: 

B WIS filed mi May m 1995 .as Itaiied States ApplkatJon Nnmber or PCX Imernational 

AppUcadoa Number yCT/SIMS/ttm) and wax amended _______ (if applicabl e) . 

I hereby state that I have reviewed and undWStaad the comems of to abovo-K^fied spedficatiOT, indndmg rhe c!aim(5) , as amended 

any smesdmeiic itffetted to above. 
IwatDOWledgetedutytodsdosBNbraMtiimirfddhi^ W-^* 
I hereby daim forelai priorfw benafiis under 35 U.S.a Sll9(aK^ w mm ^ m aK^KcatioiKA) for patent ^ invtotor s 
ceaife^, S365(a) <rf any PCX iiiematloflal application which Aajgnated at kass one coumty oiher than ^ United States, listed be ow 
andhavHlso idettfified below ^ foreign ^^pficarionfor pateolcr immfs cenificate or PCt XntenmiiBial Apptlcaaon havmg a nUng 
da£e befijre that of the ^iplicadia^s) fbr which pnotity Js daisied: ?rk>rily Claimed 



SfCJDfiitC A 

OlS biclc of 





DE 




HYes DNo 


dumber} 
105 14-784.1 


(Countiy) 


0>ay/Mt8tth/year Hie© 
_ ,W4/95 




^tanber) 


(Counliy) 


(Dsy/Mjfttdh/Ycaf File^) 


a Yes DNo 


C^^l^nbe^) 


(Counny) 


^y/Mondi/Year i^ed) 





I hateby daim riiebcflea uodw 35 O.S.C. Jll^c) of any Unittd Slates provisional appllcatofe) listed below. 



CApplicatsofl Number) a^tl>«e) 



(Applicaiioa Nunabw) Me) 
(SecNfiCn Bosbx^ □ See attached list for addhional pdor fint^ or piovisioDaL applicati^. 

ll»n*y datai At benefit laider 35 U.S.C JIZO of wy IWted Sbtes qiplieatk»(«> or i36S(.d> of aiqr PCT fateinatiodri applicaiionCs) 
deaieoaW the Un«ed aaas of Anudca lined bdow sna. iawfer as fl» aj^ect mxta utath of *e ctons »PPJJ«^™ « ™« 
dJscfowdfatfw prior 2ffllcatoi(.> (UA or PCI^ ta Ite miim« piovided by ibe HraparagBph of 35, U.S.C. §1 12, 1 «kna*l«lge the 
^toSSinfoZZXhisma«lto »p««mJriU^ Jl4<5«hfchbeaaneavaaable between tliefil,«g 

date Of the prior appUfiatto* aad Ihe laitonal or JPCTImenttBonal ffltag «a»of this applkaai(m. 

AHtoiMagr (Ap^ication Swiai KoJ crangMft) (Siatas) ftatemed, pendii^, abandoned) 

SC?ib. CApplic3tionSenalNoO O^Dstc) : (SUtm) (patented, pending, abandoned) 

And Iherdiy appoknaspiiDcipdattorneysDavidT, Kikaldo. Reg, No. 22,663; Cfaaiies M. K^dsiem^Reg Na 25 895; <^rge R 
nram Jr Ifew^ T^nvmxat B. Mnnay. lEeg. No. 22,9S>; Mattk S. Postman, Reg, No, 18,570; E. Maicie Emas, Reg. No. 

^i^!^26,K^mff. Kteaier, No. 36,335; Joh»». Wsa, Reg- No, 37.327; and Richard L Barman, Reg, No, 39,107. 

Please direct aUconmmnicstions 10 following addre^^ NXKAmO.MARMELSTmN. MUH»AY^ ORAM LLP 

Mem^mlhan Square 

«55 iTfteendi Stteet, N.W. p Smie 330 - G Sirett L^by 
Washington, OX. 20005-5^1 
cm 63M000 ftx: &m 63&4810 

I heiebv decto dm ali st^ement* ni^ teeln of own 

may jcopaidiafie die validtiy of the iH^^icaiion or atgr patent issued thereonr 

(^NoteC FWI name of sole or first ittveflEor .ffaniawti IMMSR ^ 



Siwf Invewor'ssigoatwe , — — 



Post Office Address . Sang as gt?gYt 



4 
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Date 



Peat Office Addrtaft f?»iHfc « alk^vfc 



fidl rttotMi flf tftifd iolnt jnvfentor. if any Kmit AITBRMANN 



1^fgldfi^ta StfirMdensfmjw n>30m Hatwovfrf. Ffederal RepViuifc cf Germany 



Date 



Post Office AddTBss , SamB as abgyg 



Realdencg HagjitsmHiafe ^fi. 0-67742 T^uiereciceii. Pedsml TtcpMio of Germanv 



ftttt DfHfiA Addf&fK Sainft as above 
Ftiin aame of fifth joSBt inven&ir. If any , 












« 












Citizemhlp _ . 


Port fjfficfe Address 


IPbU naine of ftlxth im^ iAvenr^ir. if any 










Daw 



Post OfBee Address. 



Fidl name of seyeciii Johit inventar^ if any « 
Inventor's stgoamce 



Date 



Post Office Address. 



AiS iffiiAe of elgMi Joint inmuor, if ai^. 
ttMldancft 



Date 



Post O£0ce Address. 



I^nll name of lUmk joint inveiuor, if iwy . 
Rgaideace ' 



Date 



CidzjEnahip 
FostOfQce Address « 



